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ACYCMC P[JRINE PHOSP! ION ATF NMICLEOTIDE ANALOHS 
AS ANTIVIRAL AGENTS. AND KKLATFI) SYNTITETTC METHODS 

Technical Field 

This invention relates generally to ihc Held of antiviral agents, and more panicularly relates 
10 cnantionncrically pure acyclic purine phosphonate nucleotide aiulogs a.s antiviral agents. The 
invention additionally relates to pharmaceutical compositions containing the antiviral agents and to 
novel synthetic methods. Research related to iliis invention was funded in pan by the United 
States of America tlirough the National institute of Allergies and Infectious Diseases under contract 
number NOl-AI-72643. Accordingly, the United States govemmcnr has cenain rights in the 
invention. 

Bti<;:kgrc)»nd 

There arc six known herpes-type viruses whicli affect human beings: herpes zoster (chicken 
pox), herpes simplex virus I & II (cold sores and genital herpes), cytomegalovirus (cytomegalic 
inclusion disease), Epsiein-Barr virus (mononucleosis), and the recently isolated Herpes VI virus. 
The herpes viruses are medium-.sized viruses containing double-saanded DNA, with a 
nucieocapsid about 100 nm in diameter surrounded by a lipid-containing envelope. The virion is 
150-200 nm in diameter and permits latent infccdons which last for the life span of the host even 
when antibodies are present. 

Purine-bascd analogs to treat herpes infections arc known and have been described, for 
example, in U.S. Patent No. 4,808,716 to llol ei al. ami U.S. Patent Nos. 4,755,516 and 
4,-8y7,479 to Tolrnan ei al. The Hoi ct ah patent relates to 9-(phosphonytmethoxyalkyl)adcnines 
and their use in treating herpes simplex virus, types 1 & II, while the Toiman et al. patents describe 
a family of 6-substituicd purines which are stated to be useful against herpes viruses in general. 
U.S. Patent No. 5,047,533 to Reist et al., of comtnun assignment herewith, also describes purine 
analogs which have antiviral activity against the Herpes group of viruses. The present invention 
relates to and indeed derives from the work carried out in the aforementioned patent, and reference 
may be had thereto for information related to the present invention but not explicitly mentioned 
herein. Accordingly, the disclosure of U.S. Patent No. 5,047,533 to Reist et al. is incorporated 
by reference in its entirety. 

The antiviral agents of the present invention, like those of U.S. Patent No. 5,047,533 to 
Reist et al., arc acyclic purine phosphonate nucleotide analogs. In addition to the patents cited in 
the preceding paragraph, the following reference describes a large number of phosphonate analogs 
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of nucleotides: R. Engle» Chem. Reviews. 1 U 3^:349-367 (1977). Phosphonate compounds 
which are direct cyclic nucleotide analogs are also disclosed in: U.S. Patent No. 3,560,478 to 
Myers etal.; Gemnan Patent Application No. DE 3,045,375VA1, published July U 1982; U.S. 
Patent No. 3,446»793 to Jones et a!.; British Patent Nos. 1,243,213 and 1,243,214; German 
5 Patent Application No. 2,009,834, published September 17. 1970; A. Hampton ci al.. 

Biochemistry. 12:1730-1736 (1973); G.H. Jones ct al.. J. Am. Chem. Soc. 90:5337-533S 
(1968); and J.A. Montgomery et al.. J. Med. Chem.. 22:109-1 1 1 (1979), 

Other references of interest include EPO Publication No. 173,624, published May 3. 1986, 
which di.scloses 9(3-phosphono-l-propoxymet]iyl)guanine as an anii-hcrpes agent, and A.E. Duke 
10 et al.. Antiviral Res.. 6:299-308 (1986) and E.J. Prisbe et al.. J. Med. Chem.. 29:671-675 
(1986), which relate to 9(3-phosphono-l-hydroxyniethyl-l-propoxymethyl) guanine. 

Disclosure of Invention 

The present invention in a first aspect relates to methods for making tlie acyclic purine 

15 phosphonate nucleotide analogs of the '533 patent in cnaniiomcrically pure form. Prior to the 

development of the synthcuc method described and claimed herein, neither isolation nor synthesis 
of the pure enantiomers was feasible. In another aspect, then, the invention encompasses 
cnantiomerically pure acyclic punne phosphonate nucleotide analogs as novel compounds. 
Indeed, it has now been found that at least one of the isolated enaniiomers--the "R" enantiomer- 

20 has significant activity against several herpes viruses. In still another aspect, the invention relates 
10 the implementation of the aforementioned syniiietic mcihod-wiiich may be used to make pure 
enantiomers. as noted above-to prepare liie raceinic iiiixture of acyclic purine phosphonate 
nucleotide analogs described in U.S. Patent .No. 5,047,533 to Rcist ci al., cited and incorporated 
by reference above. 

25 It is accordingly a primary object of the invention to provide novel antiviral agents useful to 

treat herpes viral infections. 

It is anotlier object of the invcniion to provide such atuiviral agents in the form of acyclic 
purine phosphonate nucleotide analogs, 

h is still another object of liie invention to provide such aniivinil agents in enantiomericaJly 
30 pure form. 

It is yet another object of the invention to provide mcihods for synthesizing the novel 
anuviral agents. 

It is sull another object of die invention to j)rovide such synthetic methods which provide the 
novel anuviral agents as a racemic mixture of enantiomers. 
35 It is yet anotiier object of the invention to provide such synthetic methods which provide the 

novel anuviral agents in enamiomerically pure form. 

It is a further object of the invention to provide phamiaceutical comjnxsi lions for treating 
herpes viral infections. 
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It is still a funhcr object of the invention to provide metiiods for treating herpes viral 
infections using the antiviral agents of the invention. 

Addiiional objects, advantages and novel features of the invention will be set forth in pan in 
the description which follows, and in pan will become apparent to those skilled in the an upon 
examination of the following, or may be learned by practice of the invention. 

In one aspect, then, the invendon relates to andviral agents having the structural formula (I); 



10 



15 



(I) 




HO-P-CK,-CK,-C-0- CH, 
I " ■ I 
OH Ci-i.-OH 



20 



25 



30 



and to the corresponding (S) and (R) cnantiomers (la) and (lb): 



(la) 




0 H 

II T 

HO-P-CH,-CH^-C-0- CHt 

1 " " I 

OH CH,-OH 



35 
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(lb) 



10 



O 




> 



H 



HO-P-CH,-CH,-C-0- CH, 

I ■ ' I 

OH CH-,-OH 



In another aspect. tJie invention rci:iics to an antiviral agent having tJie structural formula 



15 (VIII): 



20 



(VUI) 




25 



HO-P-CH.-CHvC-O- CH, 

I " " I 

0 CH, 



and to the corresponding (S) and (R) cnantiomcrs (Vllln) and (Vlllb): 



30 



O 



H> 



(Villa) 




35 



0 



H 

T 



> 



HO-P-CH,-CMvC-0- CH. 
I * ■ I 

0 CH, 



4 
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In oilier aspects, the invention relates to methods for synthesizing these compounds, 
preferably in enantiomerically pure fonn, or, aliernativeiy, as a racemic mixture. 
15 In still other aspects^ Lhe invention relates to piiannaccuiical compositions containing the 

aforementioned compounds and to meihcKLs of using the compounds to treat herpes viral 
infections. 



Modes For Carryint! Out T\\t Invention 

20 Definitions and nomenclature: 

Before the present compounds, compusitious and methods are disclosed and described, it is 
ID be understood that this invention is not limited lo specific reagents or reaction conditions, 
specific phamiaccuucal carriers, or to particular administration regimens, as such may, of course, 
vary. It is also to be understood that the terminology used herein is for the purpose of describing 

25 panicuiar embodiments only and is not inicruicd lo be limiting. 

It must be noted that, as used in the S[)ecincation and die appended claims, the singular 
forms "a," "an", and "the" include plural referents unless ihc context clearly dictates otherwise. 
Thus, for example, reference to "an antiviral agent" includes mixtures of andvirai agents, reference 
to "a pharmaceutical carrier" includes mixtures of two or more sucii carriers, and the like. 

30 By tlie lenn "enanuomerically pure" as used herein is intended a composition containing at 

least about 90 wt.%, preferably at least 95 \vt.%, most preferably at least 99 wt.%, of a single 
cnantiomer. 

By the tenn "alky!" as used herein is meant a brancticd or unbranched saturated hydrocarbon 
chain of 1 to 20 carbon atoms. The term "lower alkyl" intends an alkyl grou[) of I to 6 carbon 
35 atoms such as methyl, ethyl, n-propyl, isopropyl, t-butyi, and the like. 

By the phrase "herpes viral infection" is meant infecuon with any one of the known herpes 
viruses, i.e., herpes simplex types I or 11, cytomciiaiovirus, herpes zoster, Epstein-Barr virus, or 
herpes VI. 



5 
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By the term "eflcctive amount" of aji aniivirul agcm is meant a nontoxic but sufficient 
amount of the agent lo provide the desired ircatmeni of viial infection. As will be pointed out 
below, the exact amount required will var>' from subject to subject, depending on the species, age» 
and general condition of tiie subject, the severity of liie infection, tiie panicular antiviral agent and 
5 its mode of adminisu-aiion, and tlie like. Thus, it is not possible lo specify an exact "effective 
amount." However, aii appropriate effective amount may be deicmiined by one of ordinary skill 
in the an using only routine experimentation. 

By "pharmaceutically acceptable" is meant a material which is not biologically or otherwise 
undesirable, i.e., the material may be administered to an infected individual along with the selected 
10 andviral agent without causing any undesirable biological effects or interacting in a deleterious 
manner witli any of the otlier components of the phannaceutical composition in which it is 
contained. 

The purine moieties with which the present invention is concerned are purine moieties 
derived from either adenine or guanine, each of which has a nucleus of the formula: 

15 




20 

which has the numbering system shown. The numbering system will be retained herein as 
shown, regardless of subsutucnis to the ring system. The bond at position 9 conjugates the 
acyclic or cyclic sugar derived moieiy; further substitutions can be made at positions 2, 6. and 8. 
For guanine, tiie substituent at position 6 is hydroxy!, and in adenine, -NH-?. Guanine has 

25 -NH2 at position 2, while adenine is unsubstituted. Prefeaed compounds of the invention are 
guanine derivatives as shown in structural fonnula (I) and analogs containing modifications at 
positions 2, 6, or 8, i.e., analogs containing halo groups in place of the hydroxyl or amino at 
position 6, such as cliloro or bromo in particular, are prefcn-ed. In general, suitable subsdtuents at 
positions 2, 6, and 8 include liydroxyl, amino, and halo wticrcin halo is defined as fiuoro, chloro, 

30 bromo, or iodo. 

Syntheric method: 

In one embodiment of the invention, a chiral synthesis is provided for preparing the antiviral 
agents of structural fonnulac la, lb. Villa or Vlllb in enantiomerically pure form. As noted 
above, the synthesis may also be used to prepare the racemic mixture of compounds la and lb, or 
35 of compounds Villa and Vlllb. 

The synthesis involves providing as a starting matcriai a hydroxy phosphonatc compound 
having the structural fonnula (II); 



6 
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11 f 

(^^) R^O-P-CH.-CH.-C-OH 
^ OR- CH2-0R^ 

wherein and are independently selected from iJie group consisting of hydrogen and lower 
aikyl, and R^ is lower allcyl or -(CH2)n-C6H^) wherein n is an integer in the range of 0 to 6 

inclusive. Tliis staning material is then treated with gaseous I ICI and paraformaldehyde under 
10 conditions effective to conven ihe 3-hydroxy group to a 3-chloromethyi ether substituents, 
conditions which typically involve reaction at temperatures below about 10°C, preferably 
temperatures approximauiung 0°C. The 3-ciUuroincihyl cilicr pfiosphonate (III) is thus provided: 



15 



0 M 
R'0-P-C}i,-CH,-C-0-CH.-Cl 
OR' CHvOR^ 



20 In ihe next step of the synthesis, compound (III) is admixed with 2-aniino-6-chloropurinc 

and a strong base, e.g., sodium liydridc, in an organic solvent. Reaction is carried out at low 
temperature, preferably about -10°C, for at Ica.si alx^ui 15 minutes, at which point the 9- 
substituted 2-amino-6-chloropurine (IV) may be i.solaied from the admixture: 



25 



30 



CI 



H 



(IV) 



> 



, 8 f 

r'o-p-ch.-ch,-c-o- ch. 



35 



OR- 



CK.-OR-' 



The 6-chloro functionality of compound (IV) is then convened to a 6-hydroxyethylthio 
moiety by treating compound (IV) with tliioethanol, again in the presence of a strong base (e.g.. 
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10 



15 



20 



30 



sodium meihoxide), at reflux. Reaction is allowed to proceed for at least about 30 minutes so as to 
provide the 2-amirio-6-hydroxycihylthio derivative (V): 

S-CH,-CH,-OH 




> 

N 



(V) 



H 



R'O-P-CHvCHvC-0- CH, 



OR^ 



CH.-OR^ 



If and R^ are other tlian hydrogen, i.e., if eornj)<.)und (V) is a phosphonic acid mono- or 
diesier, it is converted to a plio.sphonate by treatment with a suitable reagent, e.g., 
bromotrimethylsilanc. Such treatment provides the phosphonate (VI): 



S-CH,-CHvOH 



25 (VD 




KO-P-CH-,-C}i.-C-0- CH, 



OH 



ch.-or' 



35 



The 6-hydroxyethylihio moiety is then removed from compound (VI) by rcfluxing the 
compound with a strong ba.se in the presence of water, for at least about ten hours. Compound 
(VU) results: 



8 



wo 94/03466 



PCT/US93/06971 



10 



O 



(VII) 



I H 
HO-P-CHvCH,-C-0- CH-, 

I ■ " I ; 

OH CHtOR^ 



15 



20 



25 



In the final siep of tlic synilicsis, compound (VII) is dcprotccictl at to give rise to the 
desired compound (I): 



(I) 



0 



H,^•-^^ 



0 



H 



> 



HO-P-CHvCH,-C-0- CM, 
I ' ' I 

OH CH-,-OH 



Deprotection may be effected using any suitable dcpiotcciiiig reagent, i.e., a reagent which 

is effective to conven tiie -OR-^ moiety lo an -Oi l moiety but which will not adversely affect the 
remainder of the molecule. When R-* is benzyl, an exemplary dcprotccting reagent is Pd(OH)-), 

30 preferably used in conjunction with cyclohe.xenc. 

As llie aforciiieniioncd procedure may be u.sed in such a way that chirality of the starung 
material is maintained, the synthesis may be used to provide compound (la) in enantiomerically 
pure form using (Ha) as the stoning material: 



35 



(Ua) 



O 



H 

T 



r'o-p-cii.-ch,-c-oh 



CR= 



ch.-or' 
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10 



(la) 




HO-P-CH-,-CH.-C-0- CH-, 

I " ■ I 

OH CH-,-OH 



15 



20 



25 



30 



or to provide compound (lb) in enantiomericnliy pure I'omi using (lib) as the starting material: 



aib) 



(lb) 



0 H 

r'o-p-ck,-ch,-c-oh 



OR- 



CHj-OR^ 



O 




"xx> 

H.N-^v-- 



HO-P.CH.-CH.-C-O- CH. 

I ' ■ I 

OH CH.-OH 



Cyclic compounds (Villa) and (Vlllb) may ihcn be synthesized directly from compounds 
(la) and (lb), respectively, via a formal dcliydraiiun reaction in ihc presence of a dehydrating agent 
such as N',N'-dicyclohexyi-4-morphoiine carboxamidine and dicyclohexylcarbodiimide (DCC). 
35 Enantiomcrically pure compounds la, lb, Villa, and Vlllb, as well as tlie synihctic 

inteniiCuiates represented by strucuiral fomnilae IVa, IVb, Va, Vb, Via, Vlb, Vila, and Vllb arc 
novel compounds and, as noted above, may be substituted at tlie 2, G, and/or 8 positions with 
hydroxyl, amino, or halo substituents. Modificaiion at the 2-position may be effected at any point 
during the above-described synthesis, usinu conventional techniques as will be appreciated by 
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those skilled in the an of synthetic organic chemistry. Typically, the amino group initially present 
at the 2-position is activated wiili a suitable activating agent and replaced, for example, with a 
halogen or hydroxyl substitucnt. Moclificaiion at the 6-position is carried out prior to synthesis of 
tlie 6-hydroxyctliylthio derivative (V). Such inodiHcaiion will generally involve removal and 
replacement of the 6-chIoro funcdonaliiy in compounds I, II, or IV using standard chemistry. 
Modificauon at the 8-posiiion may be carried out at any ume during the syntliesis. and, again, may 
be done using standard chemical techniques. Typically, modification at the 8-position will involve 
bromination followed by displacement of the 8-bromo functionality with an azide, thiol, or the 
like. 

The compounds may also be convened to salt and/or ester derivatives, as follows, and such 
compounds arc also within the scope of the present invention. 

Phosphonic Acid Salts: If desired, the free phosphonic acid of compounds la or Ila may be 
convened to the mono- or dibasic salt fonn by ucatmcnt with an appropriate base. These salts are 
prepared by treating the corresponding free acids with at least one or at least two molar equivalents 
of a pharmaceuucally acceptable base as set kmh ;ilx)ve. The reaction is conducted in water, alone 
or in combination with an inert, waier-misciblc organic solvent at a temperature of from 0°C to 
about 100°C, prcfcmbly at about room temperature. Typical inert, water-miscible organic solvents 
include methanol, cthanol, and dioxane. The sioichiometry of the resulting s;ilt is dependent on 
the stoichiometry of the reaction components. 

The salts can be reconvened to the phosphonic acid by standard procedures, e.g., by 
neutralizing with an acid resin or, less preferably, with an organic acid. 

Acid Addition Salts: Alternatively, acid addition s:ilis of the purine moiety may be prepared 
by reacting a compound of the invention with an acid such as die organic or inorganic acids 
exemplified above. The free base is dissolved in a polar organic solvent such as methanol or 
cihanol and the acid is added at a icmperaiujc of aUnit O^C to a'oout 100°C, preferably at about 
room temperature. The resulting salt cither precipitates or may be brought out of solurion by 
addition of a less polar solvent. 

Conversely, the acid addition salt is reconvened to the free base by u*eaung with suitable 

base. 

Phosphonic Acid Esters: Desired esters of the phosphonic acid moiety may be prepared by 
transesterification of the phenyl esters using methods illustrated by Jones and Moffait, J. Am. 
Chem. Soc. 90:5337 (1968). The esters can be reconvened to the free acids by hydrogenolysis 
or hydrolysis. These esters may be prepared by iranscsterincation as above described. 

Industrial Appliyabiliiy 

Uulity and Administration: 

The compounds of the invention defined by structural fomiuiae la, lb, Villa, and Vlllb, 
including the physioiogicaliy acceptable salts and esters thereof, have antiviral acdvity against one 
or more herpes viral infections. In addition, the novel synthetic intermediates represented by 
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structural fomiulae IVa. IVb. Va, Vb. Via, VIb, Vila, and Vllb arc also believed to be useful as 

axitivinil prodrugs, and may accordingly be administered to ireat herpes viral infections as well. 

The compounds may be conveniently fonnuiated into ph:mnaccuticaJ preparauons composed of 

one or more of the compounds in association wiili a pharmaccuticaily acceptable carrier. 
5 Remington's Pharmaceuticnl Sciences , latest edition, by EAV. Manin (Mack Publ. Co., Easion 

PA) discloses typical carriers and methods of preparation known in the art. 

The compounds may be administered topically, orally, parenterally (e.g., inu-avenously). by 

intramuscular injecdon, or by inu-aperitoneal injecdon, or the like, depending on the nature of the 

herpes viral infccuon being treated. For iniem:ij infections the composiuons are administered 
10 orally or parenterally at dose levels of about 0. 1 to 300 t:ig/kg, preferably 1.0 to 30 mg/kg of 

mammal body weight and can be used in humans in a unit dosage form administered one to four 

dmes daily in the amount of 1 to 250 mg per unit dose. 

For oral administration, fine powders or granules may contain diludng, dispersing, and/or 

surface acdve agents, and may be presented in water or in a syrup, in capsules or sachets in the 
15 dry slate, or in a nonaqueous solution or suspension wherein suspending agents may be included, 

in tablets wherein binders and lubricants rmy be included, or in a suspension in water or a syrup. 

Where desirable or necessary, flavoring, preserving, suspending, Uiickening, or emulsifying 

agents may be included. Tablets and granules are preferred oral administration forms, and these 

may be coated. 

20 Altemauvcly, for topical infections, e.g., mouth and skin, the compositions are preferably 

applied to the infected pan of the body of tJie padent topically as an ointment, cream, aerosol or 
powder, preferably as an ointment or cream. The compounds may be presented in an ointment, 
for instance with a water-soluble ointment base, or in a cream, for instance with an oil in water 
cream base in a concentration of from about 0.01 to 10%, preferably 0. 1 to 7%. most preferably 

25 about 0.5% w/w. Additionally, viral infections of the eye, such as Her])ctic keratius, may be 
treated by use of a sustained release drug delivery system as is know in the art. 

The exact regimen for administration of the comt)Ounds and compositions disclosed herein 
will necessarily be dependent upon the ncccis of the individual subject being treated, die type of 
treatment and die judgment of the attending practitioner. 

30 

Specific Embodiments 

The following cxam[)lcs are set fonh so as to provide diose of ordinary skill in die art with a 
complete disclosure and description of how to carrv' out the synthetic methods of the invennon and 
make the enantiomerically pure antiviral aeenis claimed herein, and are not intended to limit the 
35 scope of what die inventors regard as their invention. Hffons have been made to ensure accuracy 
with respect to numbers (e.g., amouiiis, icmperature, etc.) but .some errors and deviadons may 
inadvcnandy occur. Unless indicated othenvise, pans are parts by weight, temperature is in °C 
and pressure is at or near atmospheric. 
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Example 1 describes preparaiion of the com|X)iind having the structural formula 1-9 as 
shown in Scheme 1. Briefly, the synthesis set forth in Scheme I involves, initially, 
transfonnadon of the (R) giycidyl tosyiate 1-1 to the (S) glycidyl beiizylcther 1-3 using the 
procedure described byH.-S.Byun et aL. Tetrnhalron i.ctt.. 30:2751 (1989) (Example 1, 
sections (a.) and (b.))- The epoxide was then opened rcgiospecificaily with lithiated diethyl 
meihylphosphonate in the presence of boron trifluoridc eiherate to afford 1-4 in 68% yield 
(Example 1, section (c.)). No raccmizauon was observed in this step. Compound 1-4 was then 
transfonmed lo the corresponding chloromethyi ether and condensed witli 2-amino-6-chloropurine 
in the presence of sodium hydride to give the nucleoside phosphonaie 1-5 in 45% yield (Example 
1, secuon (d.)). Treatment of 1-5 with thiocihanol in the presence of sodium methoxide gave a 
2:1 mixture of the thioethanol derivative 1-6 and of the corresponding guanine. By working in 
anhydrous conditions the thioethanol derivative 1-6 was obtained in 90% yield (Example 1. 
section (e.)). Treatment of 1-6 with an excess of brumotrimethylsilane in hexamethyldisilazane 
gave the phosphonic acid 1-7 which without further purincation was treated with sodium 
methoxide to give the guanine derivative l-S in 82% yield over the two last steps (Example 1, 
sections (f.) and (g.)). Finally, ilie benzyl ether was removed by transfer hydrogenation using 
palladium hydroxide in the presence of cyciohexene to give tJie desired nucleoside phosphonate 1- 
9 in 90% yield (Example 1 , section (h.)). Optical purity of all compounds may be detennined by 
HPLC using a chiral column. 

Example 2 describes preparation of the conrespunding (R) isomer, using tlie route shown in 
Scheme 2. while Examples 3 and 4 describe how the syniiiesis may be used to prepare either the 
racemic mixture or analogs of the antiviral agents prcp:u-cd in Examples 1 and 2. Example 5 
describes preparation of a cyclic analog. Antiviral activity is evaluated in Example 6. 
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1-7 




Sclienie 1 (continued) 
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2-7 




Scheme 2 (continued) 
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Example 1 

(a.) Preparation of R(-)-l-0-ben2yi-3"0-p-iuiylsulfonyl-(sn)-giycerol (1-2): 
To a solution of 10.6 g (46 mmoics) of 2R(-)-glycidyi tosylatc 1-1 containing 5 g of 3 
Angstrom molecule sieves and 9.43 niL (92 ininolcs) of benzyl alcohol in 100 niL of 
5 dichloromethane at 0°C was added 560 ^iL (4,4 mmoles) of boron trifluoride etheraie. The 
mixture was stirred overnight at 0°C, wanned to room temperature and filtered through a celite 
pad. The filtrate was washed with 10% aqueous NaHC03, dried over Na2S04, and 

concentrated to give a colorless oil which precipiuitcd from hcxane-ether. The precipitate was 
filtered and recrysmllized once from ciher-pctrolcum eiiier, giving 14 g (91%) as a white solid 
10 [a]i^25^ ,7^07 (C=10. C^Hg); lit [al^^^ ^ 70 (c=io. C^H^). 

NMR (300 MHz, CDCI3) d = 7.79 (d, J = 8.4 Hz. 2H), 7,26-7.35 (m, 5H), 4.50 (s, 
2H). 3.97-4.13 (m, 3H), 3.51-3.53 (m, 2H), 2.45 s. 311), 2.30 (bs. IH). 
(b.) Preparation of 2S-(+)-benzylgIycidyl ether (1-3): 

To a solution of 13.4 g (39.8 mmoles) of 1-2 in 160 inL of methanol at -10°C was added 
15 6.6 g (47.8 mmoles) of powdered KoCO^. Tlic mixture was stirred for2h at -10°C then for2h 
at room temperature. Ether (200 niL) was atidcd and the mixture was t~iltered through a pad of 
silica gel. The solvents were removed and the residue was dissolved in dichloromethane (100 
mL)» washed with brine and dried over Na2S04. Removal of the solvents gave a yellow liquid 

which was purified by flash chromatography (silica, 5% cthylacctaie in hexane) to give 5.9 g 
20 (90%) of a colorless liquid [aj^ = +6.4 (C = 4.9, C^H(^)\ lit [aJo = +5.4 (C = 5, C6H6); 

NMR (300 MHz, CDCI3) S = 126-131 (m, 511), 4.59 (dd, J = 20, 12 Hz, 2H) 3.77 (dd, J = 
11.26, 3.02 Hz, IH), 3.45 (dd, J = 1 1.4, 5.9 111), 3.18-3.22 (m. IH), 2.88 (t, J = 4.62 Hz, 
IH), 2.63 (dd, J = 4.97, 2.71 Hz, IH). Alternaiively, compound 1-3 may be obtained 
commercially, e.g.. from the Aldrich Chemical Company, Milwaukee Wl. 
25 (c.) Preparation of diethyl 2S(-)-4-0-benzyl-3,4-dihydruxybutylphosphonate (1-4): 

To a solution of diethyl metiiylphosplionaie (373 |iL, 2.2 mmoles) in TllF (10 mL) was 
slowly added a solution of n-buivilithiuni ( 1 .69 mL, 2.7 mmoles, 1 .6 M in hexane) at -78°C. 
After 10 minutes, BF3OEL2 (300 ^L. 2.43 mmoics) was added. To the resulting solution was 
slowly added (over 15 minutes) a solution of the epoxide 1-3 (300 mg, 1.83 mmoics in THF (3 
30 mL). The mixture was stirred for 15 minuies ai -78^C and kept overnight at -15°C. Then it was 
diluted with dichloromethane (20 niL) washed with aqueous Nal-lC03, brine, and dried (MgS04). 

The solvents were removed under vacuum and the residue was purified by flash chromatography 
(silica, 3% of isopropanol in cthylacctaie) to give a pale yellow oil (467 mg, 68%). [aj^ = -10.2 
(C = 2.85, CgH^); ^H NMR (300 MHz, CDCI3) 5 = 7.29-7.33 (m, 5H), 4.55 (s, 2H), 4.03- 

35 4.15 (m, 2n), 3.8-3.9 (m, IH), 3.48 (dd, J = 7.5, 3.85 Hz, IH), 3.34-3.40 (dd. J = 9.41, 6.97 
Hz, IH), 2.61 (s, IH), 1.65-2.05 tm, 4H), i.3l (t, j = 7 Hz, 6H). ^^C (75 MHz, CDCI3) 

16.44, 16.52, 20.95, 22.83, 26.32. 26.39, 61.63, 61.71, 70.08. 70,27, 73.44, 73.98, 76.65, 
77.07.77.50, 127.78, 127.85. 128.50, 138.00. 
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(d.) Preparation of 2-amino-6-chloro-9-[(S(-f)- l-benzYloxyineihyl-3-dieihylphosphono)-3- 
propyloxymeihyl] 9H-Purine (1-5): 

A suspension of alcohol 1-4 (200 mg, 632 mmolc) in dry 1,2-dichloroeihane (20 niL) and 
paraformaldehyde (60 mg) was ircaicd for 2 lir ai • 10°C with gaseous HQ. Argon was then 

5 bubbled through the resulting solution for 10 niin ai room icmpcraturc. The solution was dried 
over CaCl2, filtered evaporated to dr>'ness and rcsolubilized in dimethylfonnamide (2 mL) for 

addition to tlic solurion of the purine sodium salt as follows: 

2-Amino-6-chloropurine (120 mg. 695 nimole; obtained from Aldrich) was suspended in 
dimethylformamide (1.5 mL) and treated with Nai l (31 mg, 60% in oil, 764 mmole) for 1 hrat 
10 room temperature. To the resulting solution was added the solution of chloromethyl ether at 

-20°C After I hr of stirring at -20°C, the reaction mixture was paniiioned between 10 mL each of 

saturated aqueous sodium bicarbonate and dichloromethanc. The dichloromethane solution was 
washed with 10 mL water, dried over MgS04 and evaporated to dryness in vacuo. The crude 

product was purified by chromatography on silica gel using dichloromcihane/methanol (39:1) to 
15 give 140 mg (45%) of product with [a]^-- = -^9.9 (C=1,C^,H^,). *H NMR (300 MHz, CDCI3): 

7.86 (s, IH); 7.25-7.34 (m, 5H); 5.59 (s, 2H); 5.3-5.5 (bs, 2H); 4.48 (s, 2H); 3.98-4.09 (m, 
4H); 3.78-3.88 (m, IH); 3.44 (dd, J=4.6, 2.8 Hz, 211); 1.55-2.05 (m, 4H); L27 (td, J=7, 1.7 
Hz, 6H). 

(e.) Preparation of 2-amino-6-hydroxycihyhhic)-9-l(S(+)- l-henzyloxymethyl-3- 
20 dieihylphosphono)propyloxymethyl)] 9M-purine (1-6): 

A solution of 1-5 (150 mg. 0.3 mmoie) in dry methanol (20 mL) was u-cated with 
thiocthanol (64 pL» 0.9 mmole) in the presence of NaOMc (49 mg, 0.9 mmoie) at reflux for 45 
minutes. The reaction mixture was cooled to room temperature and the .solvents were evaporated 
to dryness. Tlie residue was dis.solved in chloroform and washed with brine after adjusting the 
25 pH to 7. The organic layer w^as dried over Na2S04 and the solvents were removed. The residue 

was purified by preparative thin layer chrom:iiugT;i[)hy (5% methanol in dichloromethane) to give 
147 mg (90%) of 

1-6. laJo=+6.6 (C=4.87, C(^U(^). N.MR (300 MHz. CDCI3) 7.77 (s, 111). 7.24-7.38 (m, 
5H), 5.56 (s, 2H), 5.25 (bs, 211), 4.49 (s, 2H), 3.93-3.98 (m. 4H), 3.96 (t, J=5.6 Hz. 2H). 
30 3.39-3.51 (m, 4H). 1.5-1.88 (m, 4H), 1.27 (t, J=6.6 Hz). 

^^C (75 MHz, CDCI3) 5 = 16.43, 16.51, 20.27, 22.16, 24.32, 24.37. 32.20, 61.63, 

61.71. 63.03, 71.98, 72.73, 73.49, 76.67, 77.09, 77.22, 77.43, 77.51. 125.8. 127.67, 127.86. 
128.51, 136.8, 140.61. 15L5. 159.2, 161.7. 

(f.) Preparation of 2-amino-6-hydroxyeihylihio-9-l(S)"l-benzyloxymeihyl-3- 
35 phosphono)propyloxymcihyl) 9H-purinc (1-7): 

A solution of i-6 (146 mg, 0.27 nimoic) in a 1:1 mixture of dichloromethane (6 mL) and 
hexainetJiyldi.silazane (6 iiiL) was u-caicd with bromotrimethyl silanc (360 jiL, 2.7 mmolcs) for 3 
hr at room temperature. Tiien the solvents were removed and the residue was redissolved in a 1:1 
mixture of ethanol and water. The solvents were removed 10 drv'ncss to give 130 mg of a white 
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powder, NMR (300 MHz. MeOD) 5 = 8.01 (s, IH). 7.23-7.32 (in, 5H). 5.61 (s, 2H), 4,41 
(s, 2H). 3.93 (bs. IH), 3.80 (l. 5=6,5 Hz. 2H), 3.38-3.4S (m, 4H), L4-1.95 (m, 4H). 

(g.) Prcparaiion of 9-[(S(+)-bcnzy!oxyiTicihyl-3-pnosphono)propyioxymethyl]-guanine (1- 

8): 

5 A solution of the purine 1-7 (130 mu, 0.27 ininoic) in methanol (12 niL) was treated at 

reflux with NaOMe (146 mg. 2.7 mmolcs) in liic presence of water (8 \xL, 0,405 mmole) for 18 

hr. The reaction mixture was cooled to room temperature and the solvents were evaporated to give 
a white solid which was purified on a reverse phase column (Cj silica, water/mcthanol) to give 

87 mg (76% over the two last steps) of a white solid. [a]Q=+39.8 (C=0.77. H2O). NMR 
10 (400 MHz, D2O) 7.80 (s. IH), 7.24-7,26 (m, 3H), 7.02-7.04 (m, 2H). 5.49 (d. J=11.6 Hz, 
IH), 5.37 (d. J=ll,6Hz. IH), 4.27 (dd. J = lti, 11.85 Hz, 2H), 3.75-3,82 (m, IH). 3.2 (dd. 
J=11.4, 2.5 Hz, IH), 3.35 (dd, J = ll,3, 7.24 Hz, IH), J.65-1.8 (m, 2H), 1.4-1,6 (m, 2H); 
(75 MHz, D2O) 6 = 22.7, 25.40, 25.44, 71.53, 72.33, 72.77, 78.78, 79.01, 1 16.2, 127.74. 

128.06, 128.49, 137.6, 139.87, 151.8, 153.9, 158.5, 
15 The R-isomer had lal^ -46° (C=0.77, H2O). 

(h.) 9-[(S(-i-)-l-hydroxymethyl-3-phospiiuno)prupyl-oxymethyl] guanine (1-9): 
The benzylether 1-8(80 mg, 0.19 mmulc) in 21 mLofa 1:1:1 mixture of freshly distilled 
cyclohexene, eilianol and water was treated at reflux wiih Pd(0H)2 (1 10 mg, 50% wet) for 24 hr. 

The suspension was cooled to room iem[)erature, filLered through a celite pad which was washed 
20 several times with hot water. The filtrate was evaporated 10 dryness and the residue was triturated 
with methanol, filtered to give 55 mg (90%) of a white solid. [aJ^^+S (C=0.68, H2O). ^H 
NMR (400 MHz, D2O) 5=7.9 (bs, IH), 5.52 (dd. J=15, 11.35 Hz. 2H). 3.62-3.69 (m. IH), 3.6 
(dd, J=12.3, 3.3 Hz, IH), 1.5-1.7 (m, 2H) 1.2-L5 (m, 2H); NMR (75 MHz, D2O) 
5=24.09, 25.43, 25.95, 64.07, 64.1, 66,02, 73.16, 117.38, 141.3), 155.26, 160.16, 183.07. 

25 

Example 2 

The procedure of iixample 1 was repi^ated so as 10 c:irn' out the synthesis illustrated in 
Scheme 2, to prepare the corrcspomiing (R) ist)nier, compound 2-9. 

(a.) The procedure of iixample 1 , pan was repeated using 2S(-t-)-glycidyl tosylate 2-1. 
30 The enantiomer S(+) 2-2 was prcpiucd in 85% yield, lal^--"^ = +5.45 (C=10, C^H^; lit [a]D = 
+6.79 (C = 10, CgH^). 

(b.) The procedure of Example 1, part (b.), was followed to prepare enantiomer 2-3 from 
2-2 in 92% yield, taj^^^ = -6.39 (C=5.1. CV^Ho); lit Mo = -535 (C = 5. C^H^), 

(c.) Preparation of diethyl-2R(+)-4-0-bcirzyi-3,4-dihydroxybutylpliosphonate (2-4): 
35 n-Butylliihium (1,6 M in hexane, 33.75 mL, 5-1 mmol) was added dropwise to a solunon of 

dicthylmethylphosphonaic (7.9 mL, 54 mtm)l) in tiry THF (60 niL) at -78^C. After 30 min of 
stirring at -78°C. the resulting white suspension was added dropwise through a cannula to a 
stirred solution of BF30Et2 (6.64 mL. 54 mmol) in THF (120 mL) at -78''C. After 10 min neat 
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2R(-)benzyIgIycidylether as synthesized in the preceding section (compound 2-3; 3 g, 18 mmol) 
was added quickly to this suspension. After 30 min of stirring at -TS'^C^ the reacuon was 
quenched by addition of saturaied NaHCO^ (30 niL) and allowed lo wajrn to rooin temperature. 
The reaction mixture was poured into ether (300 mL) and washed with saturated NaHC03. The 

5 aqueous layer was exu'acted tliree liines wiiJi ether (150 niL), concentrated and extracted with 
CII2CI2 (150 mL). The combined organic layers were washed with saturated NaCl and dried 

over MgS04. Tlie solvents were removed and the residue was pumped at 80°C under 1 mm Hg 
to remove the excess of dieihylmethyi phosphonaic. Tlie crude product (90% pure) was purified 
by flash chromatography (silica : EtOAc/lsopropanol : 97.5/2.5) to afford pure 2-4 (5.4 g, 95%) 
10 as a faint yellow liquid; Rf = 0.43 (CH2Cl2/MeOH: 95/5); [a]i^'^'^=-i-9. 1 (c = 3.3, benzene); EI- 
mass spectrum m/z 317 (M+H'^), 195, 121, 91; FABHRMS Calcd for C]5H26P05 317.1518 
(M+H+). found 317.1508; hi NMR (300 MHz, CDCI3) d = 7.29-7.33 (m, 5H), 4.55 (s, 2H), 

4.03-4,15 (m, 2H). 3.80-3.90 (m. IH), 3,49 (dd, J = 7.5. 3.85 (Hz, IH), 3.38 (dd, J = 9.4, 6.9 
Hz, IH). 2.61 (s, IH). 1.65-2.05 (m. 411), 1.31 (d, J = 7 Hz, 6H); (75 MHz, CDCI3) d = 

15 138.00, 128.50, 127.85, 127.78, 77.50, 77.07, 7r).65, 73.98, 73.44, 70.27, 70,08, 61.71, 
61.63, 26.39, 26.32, 22,83, 20.95, 16.52, 16.44. 

(d.) Preparation of 2-amino-6-ch!oro-9-f (R(-)- 1 -bcnzyi-oxymcihyl-3-diethylphosphono)-3- 
propyioxymethyi]-9H-purine (2-5): 

A suspension of alcohol 2-4 (6 g, 18.9 iiuiiol) in dry DCE (1 10 mL) and paraformaldehyde 
20 (1.5 g) was treated for 2 hrs at -10°C with gaseous HCI. Then argon was bubbled through tlie 
resulting solution for 10 min at room temperature. TIic solution was dried over CaCb, filtered, 

evaporated 10 dryness and resolubilized in DMF (30 mL) for addition to the solution of purine 
sodium salt prepared as follows: 2-amino-6-chloropurinc (3.83 g, 22.6 mmol) was suspended in 
DMF (40 mL) and treated with NaH (0.95 g, 60% in oil, 23.7 mmol) for I hr at room 

25 temperature. The solution of chloromeihylcthcr was added to the resulting solution at -78*^C. 
After 1 hr of stirring at -20°C, the reaction mixture was poured in ^209 (150 mL), washed 
with saturated NaHC03. The acjucous layer was extracted three times with CH:>Cl2 (100 mL), 
dried over Na2S04 and evaporated. Tlic crude prtxiuct was purified by column chromatography 
(silica; CH2Cl2/MeOH: 97.5/2.5) to give pure R(-) 2-5 (4.7 g, 50%) as a colorless thick oil; 

30 0.35 (CH2CL2/MeOH: 95/5); [ajj^-^ = -6.8, e = 1.03, benzene; El-inass .spectrum, m/z 497 
(M+), 329; FABHRMS calcd for C21H3QCIN5O5P 498. 1673.(M-hH*^) , found 498.1663; ^H 
NMR (300 MHz, CDCI3) d = 7.82 (s, IH). 7.15-7.35 (m, 5H), 5.80-6.05 (broad s, 2H). 5.52 

(2H, s), 4.06 (s, 2H), 3.90-4.05 (m, 4H), 3.73-3.82 (in, IH), 3.38 (d, J = 4.9 Hz, 2H), 1.50- 
1.80 (m,4H), 1.15-1.28(1, J = 7 Hz, 6H); ^ -^CN.MR (75 MHz, CDCI3) d - 159.80, 153.80, 

35 151.50, 142.32, 136.80, 128.45, 127.83, 127.6K 125.05, 77.59. 77.40, 73.42, 72,42, 72.75, 
72.32, 61.68, 61.60, 24.40. 22.08, 20.19, i6.47, 16.40. 

(e,) 2-Amino-6-hydroxyethylthio-9-[(R(-)- 1 -bcnzyl-oxymethyl-3- 
diethyiphophono)propyloxymcthyl]-9H-[)uriMe (2-6): 



wo 94/03466 PCr/LS93/0697! 

A solution ofRC-) 2-5 (4 g, 8 mmoi) in dry mcihanol (90 niL) was treated with thioethanol 
(1.7 inL, 24 mmol) in ihe presence of NaOMe (i.3 g, 24 mmol) ai reflux for 2 hrs. The reaction 
niixture was cooled lo room temperature and tlie solvents were evaporated to dryness. Tlie residue 
was dissolved in water and die pH was adjusted lo approximately 7. Tlic aqueous layer was 
5 extracted three times with chlorofomi (150 mL) and the combined organic layers were washed 
with brine and dried over Na2S04. The solvents were removed and the residue was purified by 
flash chromatography (silica: CH2CI2/MCOM; 97.5/2.5) to give pure 2-6 (3.9 g. 90%) as a 
colorless oil; Rf^.2] (CH2Cl2/MeOH: 95/5); la]^)^- = -8.4, c = 3.45, benzene); NMR (300 
MHz, CDCI3) d = 7.75 (s. IH). 7.24-7.42 (m, 5H), 5.54 (s, IH), 5.40 (broad s, 2H). 4.47 (s. 

10 2H), 3.98-4.10 (m, 4H), 3.82 (t, J = 5,6 Hz, 2H), 3.76-3.86 (m, IH), 3.42-3.52 (m, 4H), 1,50- 
1.88 (m, 4H), 1.27 (t, J = 6.6 Hz, 611); NMK (75 MHz. CDCI3 d = 161.70. 159.20, 

151.50, 140.59. 136.80, 128.50, 127.85. 127,06. 125.8, 77.51, 77.22, 73.47, 72.70, 71.98, 

62.84. 61.74, 61.65, 32,07, 24.37, 24.31, 22.11, 20.22, 16.49. 16.42. 

(f.) 2-Amino-6-hydroxyethylihio-9-|(R(-)- 1 -bcnzyl-oxymethyl-3- 

15 phosphono)propyloxymcthylJ-yH-purine (2-7): 

A solution of 2-6 (3.75 g, 6.9 mmol) in a 1:1 mixture of ClhClj (50 niL) and 

hexamethyldisilazane (50 mL) was treated with bromouimethylsilane (9.1 niL, 69 mmol) for 6 hrs 
at nx)m temperature. The solvents were removed and t!ic residue was dissolved in a 1:1 mixmre 
of ethanol- water (100 niL). Tlic solvents were evaporated to dryness to give crude 2-7 as a white 
20 powder that was used without purification for the preparation of 2-S; ^H NMR (300 MHz. 

CD3OD) d = 8.01 (s, IH), 7.23-7.32 (m, 5H), 5.62 (s, 2H), 4.41 (s, 2H), 3.90-3,98 (m, IH). 

3.82 (t. J = 6.7 Hz. 2H), 3.38-3.54 (m, 411). 1.40-1.90 (m, 411). 

(g-) 9-[(R(-)-benzyloxymethyl-3-phosphono)propyl-oxymcihyl]guanine (2-8): 
A solution of the purine 2-7 (liico, 6.9 mmol) in meihanol (300 mL) was created at reflux 
25 with NaOMe (3.72 g. 69 mmol) in tiie presence of water (200 ^lL, 10 mmol) for 16 hrs. The 

reaction mixture was cooled to room temperature and the solvents were evaporated to give a white 
solid which was purified by reverse phase column (C^v; silica. H2O) to give pure 2-8 (2.8 g, 91% 

over the two last steps); Rf=0.33 (CI I3CN7NH4C!: 7/3); Wy)— =-46, c = 0.8 in H2O; El-mass 
.spcctriiim m/z639 (MTMS3 "), 4 17; FABMRMS Calcd for Ci7ll22NaN505P 446.1205 
30 (M+H"^). found 446.1 183; ^11 NMR (400 MHz, CD3OD) ci = 7.79 (s, IH), 7.10-7.32 (m, 511), 

5.54 (s, 2H). 4.40 (s, 2H). 3.84-3,91 (m, IH), 3.48 (dd, J = 10. 3.2 Hz, IH). 3.41 (dd, J = 
10.6, 7.14, IH). 1.76-1.88 (m. 2H). 1.35-1.59 (m. 2H); ^^C (100 MHz, CD3OD) d = 161.52, 

156.95. 153.25, 139.64, 139.54,129.27, 128.68, 128,52, 117.62, 80.33, 80.17, 74.21, 74.13, 
73.08, 27.79, 27.76. 27.16. 25.86. 
35 (li.) 9-[(R(-)-l-hydroxymethyl-3-phosphono)-propyl-oxymethyl]guaninc (2-9): 

The benzyl ether 2-8 (2.6 g. 5.3 mmol) in a mixture of cyclohcxene (80 nriL). ethanol (150 
mL) and H2O (80 mL) was treated at reflux with Pd (0H)2 (L2 g, 50% wet) for 15 hrs. The hot 

solution was filtered two rimes and the solvents were evaporated to dr>'ness to give pure 2-9 (1.6 
g, 87%); Rf=0.22 (CH3CN/NH4CI; 7/3); la|[^--=-2, c=0.85 in H2O; UV max(H20) at pH 1, 
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256nm (e 12708), 275 sh (86^;2); at pH 7, 252nm (13445), 271 sh (9366); at pH 11, 259 sh 
(11312); El-mass spectrum, nVz 621 (MTMS4+), 399, 369. 147; PABHRMS calcd for 
CioHi^NaNjO^^P 356.0736 (M+H^), found 356.0758;^! NMR (400 MHz, D2O) d = 7.80 (s. 
IH), 5.55 j(d, J = 12.02 Hz, IH), 5.51 (d, J= 11.35 Hz, \H), 3.64-3.71 (m, IH), 3,61 (dd, J = 
5 12.25, 3.46 Hz, IH). 3.47 (dd, J = 12.27, 6.05 flz. HI). 1.52-1,68 (m, 2H), 1.22-1.51 (m, 
2H); (100 Ml-Iz, DoO) d = 176.80, 160.12. 155.72,. 153.03, 141.25. 116.94, 81.65. 

81.48, 73.70, 64.45, 26.36. 26.32, 25.72, 24.38, 

(h.) The procedure of Example 1. part (h.), was repeated to prepare enantiomer 2-9 from 
compound 2-8. This R(-) enantiomer had [ajf^ = -3.45° (C, 0.75, H2O). 

10 

Example 3 

The procedure of die foregoing examples may be u.scd to make the racemic mixture of 
compounds 1-9 and 2-9, using a a racemic mixture of glycidyl tosylaie enantiomers 1-1 and 2-1 
in pan (a.) of the synthesis. 

15 

ENample,4 

The procedure of the foregoing examples may be used to make acyclic purine phosphonate 
nucleotide analogs identical to compounds 1-9 and 2-9, but containing modifications as shown in 
structural formula (I), and using appropriately substiiuted rcactants. 

20 

Example 5 

Preparation of 9-(R-3'-phosphono- r-hydro.xynietliyM'-propyloxymcihyl) guanine, cyclic 
ester (3): 

The sodium salt of 9-[(R(-)-l-hydroxyincthyl-3-])liosphono)-propyl-oxymeihyl]guanine (2- 
25 9) (300 mg. 0.84 mmol) was suspended in pyridine and treated witii N.N'-dicyclohexyl 

morphoiine carboxamidinium salt (250 mg, 0.SS4 mmol). The suspension was heated to reflux, a 
hot solution of 382 mg (1.85 mmolc) of dicyciohcxyicarbodiimidc ("DCC") in pyridine (60 ml) 
was added. The reaction was heated at reflux ovcniighi and ihcn evaporated 10 dryness i/i vacuo. 
The residue was triturated with water and filtered, 'ilie filter was evaporated to dryness and 
30 purified by ion exchange chromatography usinga DHAE-Sephaciex (Nri4 C03 form) 10 give 120 
mg of pure product after lyophilization and drying ai lOO^'C (15 hr); [ajj;)-^ + 9.8° (1.1 H2O). 

Tliin layer chromatography on SiGF showed a single product spot that lined up with racemic 
product using acetonitrile (0.1 N NH4a) (7:3) UV pH 7, 252. 275 shoulder. 

35 Example 6 

The compounds prepared in Examples 1 and 2 were evaluated in vitro as antiviral agents 
against human cytomcgalovims. 



23 
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One herpes virus strain ennpioyed was Strain McCrae of lype i herpes (thymidine kinase 
positive virus) (HSV-ITK"^). This strain was prepared and titcrcd in MA- 104 cells and frozen at 
-90°C until use. Also used were strain liF OiSV-lTK'), strain E194 (HSV-2), NJB strain 
(MCMV). and strain AD169 (HCMV). 
5 Continuous passaged MRC-5 ceils obtained from the American Type Culture Collection 

(Beihesda. MD) were used for testing of hcqics-iypc virus, witli growth medium consisdng of 
Minimum Essential Medium (MEM) supplemented witJi 0.1% NaMC03 and 50 ^iL gentamicin. 

To a 96 well microuter plate containing an cstabli.shcd 24 hour monolayer of cells from 
which the medium has been decanted was added 0. 1 niL of varying (one-half log^g) 

10 concentrations of test compound, which incubaied on tlie cell 15 minutes, after which 0.1 mLof 
virus in a concentration of 320 cell culture 50% infectious doses (CCID5o)/(^-l was added. 

The plate was covered witli plastic wrap and iticubatcd at 37°C. The ceils were examined 
microscopically after 72 hours for evidence of cytotoxicity and for viral cytopathic effect (CPE). 
Results are set forth in Table 1: 

15 

T;it)ie 1 

Compound Thera peutic index "" 

1- 9 27.3 

2- 9 >750 
20 1-9/2-9 racemaie 730 

*CD5U + ED50 (maximum efficacy seen 
in tlic case of nniltiplc experiments). 

25 As the racemaie is believed to be an approximately 50:50 (w/w) mixture of the two 

enantiomers 1-9 and 2-9, it may be concluded that the majority of the antiviral activity of die 
racemate is due to tlie (R) enaniiomcr 2-9. 
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WHAT LS CLAIMED IS : 

1. A method for synthesizing an antiviral agent liaving the stnictural formula (I) in 
5 enantiomerically ptirc fonn or as a raccniic mixture: 



10 



15 



(1) 




HO-P-CH.-CH.-C-O- CHn 

I ■ ■ I 

OH Cl-I.-OH 



20 



25 



wherein the method comprises the steps of: 

(a) treating the hydroxy phosplionaie compound having tlie structuraJ formula (U): 



(II) 



0 



H 
I 



r'0-P-CH"CH-,-C-OH 

I , " " I 

OR- CHtOR^ 



wherein R^ and R- are independently hydrogen or lower alkyl, and R^ is lower alkyl or 
-(CH->)„-C6H5 wherein n is an integer in the range of 0 to 6 inehisivc, with gaseous HCl and 

paraformaldehyde, under conditions effective to convert the 3-hydroxy group to a 3-chloromethyl 
30 ether subsiituent, thereby providing a 3-chloromcihyl ether plK)S[)lionaie compound having tlie 
structural formula (III): 



35 



Oil) 



O 



r'o-p-ch,-ck.-c-o-ch.-ci 

I , " ■ I 

OR- CrU-OR' 
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(b) admixing the 3-chioromethyi ether phosphonaie (III) synthesized in step (a) with 2- 
amino-6-chloropurine and a strong base in an organic soivciu. allowing the admixture to react for 
at least about 15 minutes, and isolating from liic admixture a 9-substiiuied Z-amino-G-chloropurine 
compound having the structural fomiula (IV): 



10 



CI 



(IV) 



0 



N 

> 



H 



R'0-P-CHvCH,-C-0- CK, 



15 



20 



(c) convening the 6-chlciro functionality of coinpound (IV) to a 6-hydroxycthylthio moiety 
by treating compound (IV) with ihioethanol, in the presence of a strong base, at reflux, for at least 
about 30 minutes, tlicreby providing a compound Iniving ilic stniciiiral formula (V): 



25 



30 



S-CHvCH,-OH 



CV) 




R'0-P-CH,-CHvC-0- CH, 



OR- 



CH,-OR- 



(d) if R 1 and R2 arc oilier than hydrogen, reacting compound (V) with a reagent effective to 
35 convert tlic alkylphosphono moiety 10 a pliospliono moiety, and isolating from the reaction mixture 
the product having ihc stnictural formula (VI): 
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10 



S-Cl-I.-CH.-OH 




1X> 



0 



HO-P-CH-,-CH,-C-0- CH. 



OH 



CH.-OR-' 



(e) removing the 6-hydroxyethylthio moiety from compound (VI) by refluxing compound 
(VI) with a strong base in tlie presence of water, for at least about 10 hours, to provide a 
15 compound having tlie structural formula (Vli): 



0 



20 



> 



(VII) 



25 



0 H 

II I 

HO-P-CHvCHvC-0- CH, 

1 " " I 

OH CH-,-0R- 



and 

(f) deproteciing compound (VII) at R-^ by treating the compound wiili a dcprotcciing agent at 
30 reflux for at least about 10 hours, and nitering the admixture to obtain the desired product (I). 

2. The method of claim 1 , wherein tlie hydroxypiiosphonate staning material is provided in 
enantiomerically pure form and has the stnictural formula (Ila): 

35 Oh 

. I' ^ 

r'o-p-ch,-ch,-c-oh 

(Ua) I ■ ■ I 

OR- CH.-OR^ 
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and wherein the product is correspondingly provided in enantiomcrically pure form and has the 
structural formula (la): 



(la) 



10 




HO-P.CH,-CH,-C-0- CH, 

I " ' I 

OH CH2-OH 

15 3. The method of claim 1, wherein the ln'dioxy[)hosplionate starting material is provided in 

enanriomcrically pure form and has the structural formula (lib): 



20 (lib) 



H 



R'0-P-CH:-CH-,-C-0H 



OR^ 



CH,-OR^ 



and wherein tiie product is correspondingly provided in enaniiomcrically pure form and has the 
Structural formuia (lb): 



25 



30 



(lb) 



35 



> 



0 



H 



KO-P-CH.-CH-,-C-0- Clh 

I " " I 

OH CHvOH 



1 9 

4. The method of claim 1, wherein and R*- are ethyl. 



5. The method of claim 2, wherein R^ and R- are eihvl. 
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6. Tlie method of claim 1, wherein R-^ is benzyl. 

7. The method of claim 2, wherein is benzyl. 

8. The meihod of claim 3, wherein R^ is benzyl. 

9. Tlie method of claim 5, wherein the dcprotecting reagent is Pd(0H)2. 

10. The method of claim 6, wherein the dcprotecting reagent is Pd(OHb. 

1 1. Tlie method of claim 7, wherein the dcprotecting reagent is Pd(0H)2. 

12. The meihod of claim 8, wherein the dcprotecting reagent is Pd(0H)2. 

13. The method of claim 1, wherein the reaction of step (a.) is carried out at a temperature 
of less than about 10°C. 

14. The method of claim 13, wherein the reaction of step (a.) is carried out at a temperature 
of approximately O^C. 

15. The meihod of claim 2, wherein the reaction of step (a.) is carried out at a temperature 
of less lhan about lOX. 

16. The method of claim 15. wherein the reaction of step (a.) is carried out at a temperature 
of approxiinately 0°C. 

17. The mediod of claim 3. wherein the reaction of step (a.) is carried out at a temperature 
of less than about 10°C. 

18. Tlie meihod of claim 17, wherein the reaction of step (a.) is carried out at a temperature 
of approximately 0°C. 

19. A method of synthesizing a 9-substitutcd 2-amino-6-chloroguanine compound having 
the structural formula (IV): 
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av) 



10 



C! 



N 



> 



H 



r'0-P-CH2-CH;-C-0- CH2 



6r^ 



CHn-OR^ 



15 



by admixing a 3-chloromcthyl ether phosplionuie having the structural formula (111): 

0 



H 



(HI) 



R'0-P-CKvClI-,-C-0-CH-,-Cl 
OR" CH.-OR^ 



20 with 2-amino-6-chloropurine and a strong base in an organic solvent, rcfluxing the admixture for 
at least about 15 minutes, and isolating compound (IV) therefrom. 

20. The method of claim 19, wherein R^ and are ethyl. 

25 21. The method of claim 19, wherein R-^ is benzyl. 

22. The method of claim 20. wherein R-^ is benzyl. 



30 



35 



23. A compound having the stmctiiral fonnula (la): 



> 



(la) 



0 



H 

T 



H0-P-CH,-CH,-C-0- CH-, 

I " ■ I 

OH CHvOH 

30 
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24. A compound having the structural formula (IVa): 



10 aVa) 



15 




R'0-P-CH,-CHvC-0- CH, 

I / ■ I ; 

OR- CH,-OR^ 

wherein and R*- are independently hydrogen or lower alkyi, and R-* is lower alkyl or 
-(CH2)n-C^H^ wherein n is an integer in ilie range of 0 to 6 inclusive, in cnantiomerically pure 

form. 



20 



25 



25. The compound of claim 24» wherein and R^ are eihyl. 

26. The compound of claim 24. wherein r3 is benzyl. 



27. The compound of claim 25, wherein R-^ is benzyl 



28. A compound having tlie siruciurai fonrnii;! (Va): 



30 



35 



(Va) 



S-CH.-CHtOH 




0 



R'0-P-CH,-CH,-C-0- CHn 



6r^ 



CH,-OR' 
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10 



15 



20 



wherein and are independently hydrogen or lower aikyi, and R-^ is lower alkyl or 
-(0^2)0*^6^5 wherein n is an integer in the range ofO to 6 inclusive, in enantiomerically pure 

form. 

29. The compound of claim 28, wherein and R- arc ethyl. 

30. The compound of claim 28, wherein R^ is benzyl. 

31. The compound of claim 29, wherein R^ is benzyl. 

32. A compound having the siruciural fomiula (Via): 

S-CH.-CH.-OH 




N 



> 



(Via) 



O 



H 

! 



HO-P-CH.-CH.-C-O- CH-, 



OH 



CH-.-OR-' 



wherein is lower alkyl or -(CHjij^-C^f^^ wherein n is an integer in the range of 0 to 6 
25 inclusive. 

33. The compound of claim 32, wherein R-' is benzyl. 



34. A compound having the structural ftinnula (Vila): 



30 



35 



(Vila) 



0 H 

II If 

HO-P-CH,-CH,-C-0- CHn 



OH 



CH-,-OR' 
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wherein is lower alkyi or '(CI:12)xi'C(^^\q wherein n is an integer in the range of 0 to 6 
inclusive, in enantiomericaliy pure form. 

35. The compound of claim 34, wherein is benzyl. 

36, A compound having the structural fonnula (Villa): 



10 



(VUIa) 



O 



A. 



N' 



> 



15 



H 

T 

HO-P-CH-,-CH,-C-0- CI I. 

I ■ ' 1 
O CH , 



37. A compound liaving die structural fonnula (lb): 



20 



25 



(lb) 



30 



> 



0 



H 



KO-P-CH,-CK.-C-0- CH. 

I " ■ I 

OH CHvOH 



in enantiomericaliy pure form. 

38. A compound having liic structural fonnula (IVb): 



35 
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CI 




(IVb) 



o 



10 



R'0-P-CH,-CHvC-0- CH, 



CH,-OR^ 



wherein and are independently hydrogen or lower alkyl, and is lower alley I or 
-(CH2)n-C(jI]^ wherein n is an integer in liie range of 0 to 6 inclusive, in enantiomerically pure 

15 form. 



39. The compound of claim 38, wiiercin and R^ are ethyl. 

40. The compound of claim 38, wherein R-' is benzyl. 

41. The compound of claim 39, wherein R-^ is benzyl. 



20 



25 



42. A compound having the srruciural formula (Vb): 



S-CH2-CH2-OH 




N 

> 



30 (Vb) 



H 



R'0-P-CHvCH,-C-0- CH. 



OR' 



CH-,-OR' 



35 



wherein and arc independently hydrogen or lower alkyl, and R^ is lower alkyl or 
-(CH2)n-C5Hg wherein n is an integer in ilie range of 0 to 6 inclusive, in enantiomerically pure 

form. 
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43. The compound of claim 42. wherein and R-^ ure ethyl. 



44. The compound of claim 42, wherein R-^ is benzyl. 

45. The compound of claim 43, wherein is benzyl. 

46. A compound having the suiicturai formula (VIb): 

S-CH.-CH.-OH 



10 



XjC> 



(VIb) 



15 



H 



HO-P-CHvCH-,-C-0- CH 



OH 



CH,-OR 



3 



20 wherein is lower aikyl or -(CH2),i-C(-,H(-, wliereiii ii is an iniegcr in the range of 0 to 6 
inclusive. 

47. Tlie compound of claim 46, wherein R-^ is benzyl. 



25 



48. A compound having ihe suuciural fomiula (Vllb): 



30 



(Vllb) 



35 



H 



HO-P-CH-,-CH.-C-0- CH. 
I ■ ' I 



OH 



CH-,-OR' 
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WO 94/03466 PCT/US93/0697I 

wherein r3 is lower aikyi or -(CH2)n-Cf^H^^ wherein n i.s an integer in the range of 0 to 6 
inclusive, in enantiomerically pure fomi. 

49, The compound of claim 48, wherein R-^ is benzyl. 

50. A compound having the struciunil formula (Ylllb): 



> 



(VlUb) 

9 M 



HO-P-CHvCllvC-O- CM. 
I ' ■ I 
0 CH. 



in enantiomerically pure form. 

51. A phannaccutical composition for treating heqx's viral infection which comprises an 
effective amount of the compound of claim 37 in admixture with a pharmaceutically acceptable 
excipient. 

25 52. A pharmaceutical composition for treating herpes viral infection which comprises an 

effective amount of tlie compound of claim 50 in admixuirc with a ph;uTnaceurically acceptable 
excipient. 

53. A method to treat herpes viral infection in an infected subject, which comprises 

30 administering to the subject an effccuve amount of the compound of claim 37 in admixture with a 
pharmaceutically acceptable excipient. 

54. A metliod to treat herpes viral infection in aii infected subject, which comprises 
administering to the subject an effective amount of the com[iound of claim 50 in admixture with a 

35 pharmaceuucally acceptable excipient. 
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